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(54) Underwater anti-fculing agent and anti-fouling paint containing the underwater anti-fouling 
agent 

(57) An underwater anti-fouling agent contains as 
an effective component a hexacyano compound, prefer- 
ably a hexacyanoferrate. The anti-fouiing agent is useful 
for the preparation of an anti-fouling paint. 
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Description 

BACKGROUND OF THE INVENTION 
5 a) Field of the Invention 

[0001] This invention relates to an underwater anti-fouling agent effective in preventing aquatic organisms such as 
algae, barnacles and hard-shelled mussels from attaching themselves on objects maintained in contact with seawater, 
such as ships, ocean rigs and fish nets, and also to an anti-fouling paint making use of the underwater anti-fouling 
jo agent. 

b) Description of the Related Art 

[0002] In general, ships' bottoms, ocean rigs, fish nets, fish preserves and the like are maintained in contact with sea- 
15 water for extended time. During these periods, submarine organisms such as algae, barnacles and hard-shelled mus- 
sels attach themselves on seawater-contacting surfaces of such objects, leading to problems such as lowered running 
speeds due to increases in weight and stream resistance in the case of ships and significantly shortened useful life in 
the case of fish nets and ocean rigs. Accordingly, a variety of methods have been applied to date for the prevention of 
attachment of submarine organisms. Known chemical or biochemical methods include, for example, use of materials 
20 on which the above submarine organisms are difficult to attach and use of repellants, anti-fouling agents and the like 
for submarine organisms, such as copper plates, silicone resin paints and fluorine-containing paints. Among such anti- 
fouling methods, it is the common practice to coat the above-mentioned ships and the like with anti-fouling paints con- 
taining anti-fouling agents, because inter alia this coating method is applicable in a wide range of fields, can bring about 
high effects and can be easily applied. Anti-fouling paints have been available conventionally, each of which is formed 
25 of a binder component - which is composed of a seawater-insoiuble polymer such as an acrylic resin, alkyd resin or 
chlorinated rubber and rosin - and an anti-fouling agent such as an organotin compound, organotin polymer or copper 
suboxide added therein. 

[0GO3] A paint with an organotin compound or organotin polymer contained therein is designed in such a way that the 
organotin compound or organotin polymer in the paint is gradually eluted into water or the paint containing the organotin 
30 compound or organotin polymer therein is scraped off little by little to spread in water and always to expose a new paint 
surface. Despite its high preventive effects against the attachment of underwater organisms, it is accompanied by prob- 
lems from the standpoint of safety and sanitation and also environmental preservation in that the organotin compound 
or organotin polymer is eluted into water. 

35 SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to eliminate the above-described current problems; and therefore to pro- 
vide an underwater anti-fouling agent, which prevents over an extended period of time various submarine organisms 
such as barnacles and hard-shelled mussels from gradually attaching themselves on surfaces of seawater-contacting 
40 parts of ships, ocean rigs and fishing nets, and is also excellent in safety and sanitation and environmental preserva- 
tion, and also an anti-fouling paint containing the underwater anti-fouling agent. 

(0005] In one aspect of the present invention, there is thus provided an underwater anti-fouling agent comprising a 
hexacyano compound as an effective component or a hexacyano compound and copper suboxide as effective compo- 
nents. In another aspect of the present invention, there is also provided an anti-fouling paint comprising a paint compo- 
45 nent and the underwater anti-fouling agent. 

[0006] From the standpoint of organism attachment preventiveness and anti-elution property, the hexacyano com- 
pound may preferably be a hexacyanoferrate in the present invention. 

[0007] The underwater anti-fouling agent according to the present invention does not promote gelation in paint formu- 
lations and hence provide the paint formulations with excellent storage stability. Further, the anti-fouling paint available 
so from the underwater anti-fouling agent of this invention exhibits superb anti-fouling properties over an extended period 
of time. Owing to the use of the hexacyano compound which remains stable in water, the underwater anti-fouling agent 
can retain its preventive effects against the attachment of animals and plants, which live or grow in the seawater and 
the like, over an extended period of time without developing substantial problems in safety and sanitation and environ- 
mental preservation. 

H5 

'DETAILED DESCRIPTION OF THE INVENTION AMD PREFERRED EMBODIMENTS 

(0008] The present invention will hereinafter be described in more detail on the basis of certain preferred embodi- 
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merits. 

[0009] The underwater anti-fouling agent according to the present invention is generally used in a form dispersed in 
a resin capable of forming a coating film such as an acrylic resin, chlorinated rubber of vinyl resin, although it may be 
used directly as is. 

5 [0010] It is particularly useful to add the underwater anti-fouling agent of this invention to a suitable paint formulation 
and then to use it under submerged conditions like an anti-fouling paint for large ships and ocean rigs. Namely, the hex- 
acyano compound can be used as a ship bottom paint or an anti-fouling paint for fishery facilities by dissolving or dis- 
persing it in a ccating-film-forming component and hence converting it into a paint form. 

[0011] Examples of the hexacyano compound employed in the present invention can include potassium hexacyano- 
w chromate (III), potassium hexacyanoccbaltate (III), ammonium hexacyanoferrate (II), ammonium hexacyanoferrate (III), 
potassium hexacyanoferrate (II). potassium hexacyanoferrate (III), sodium hexacyanoferrate (II), sodium hexacyanofer- 
rate (III), potassium sodium hexacyanoferrate (II), iron hexacyanoferrate (II), copper hexacyanoferrate (II). iron hexacy- 
anoferrate (III), and sodium hexacyanomanganate (11). From the stand-point of safety and sanitation and environmental 
preservation, however, at least one hexacyanoferrate selected from the sodium salt, potassium salt or ammonium salt 
is or a mixed salt thereof of iron (II) hexacyanoferrate (II), iron (II) hexacyanoferrate (III), iron (III) hexacyanoferrate (II) or 
iron (III) hexacyanoferrate (III) is preferred. 

[0012] The underwater anti-fouling agent according to the present invention may comprise only one of the above- 
described hexacyano compounds or a mixture of two or more of them. As a further alternative, a combination of one or 
more of these hexacyano compounds and copper suboxide can also be used effectively. Copper suboxide usable in the 
20 present invention can also be called "cuprous oxide" and is in the form of red powder, and has been used widely for 
many years as ship bottom paints and also for the anti-fouling of fishing nets and the like. The proportion of copper sub- 
oxide, which is used in combination with the hexacyano compound, may preferably be in a range of from 1 to 10,000 
parts by weight per 100 parts by weight of the hexacyano compound. 

[0013] Illustrative of the coating-film-forming resin for use in the anti-fouling paint of the present invention can be 
25 acrylic resins, epoxy resins, polyester resins, epoxy resins, butyral resins, vinyl resins, polyurethane resins, urea resins, 
and ethylene-vinyl acetate resins. 

[0014] Concerning the proportion of the hexacyano compound or the total proportion of the hexacyano compound 
and copper suboxide in the anti-fouling paint of this invention, the hexacyano compound or the hexacyano compound 
and copper suboxide are added in an proportion of 2 to 80 wt.%, preferably 5 to 60 wt.% based on the solid content of 
30 the coating-film-forming resin in the anti-fouling paint. A proportion smaller than 2 wt.% cannot bring about sufficient 
organism attachment preventiveness, while a proportion greater than 80 wt.% may results in a coating film with deteri- 
orated physical properties. Proportions outside the above range are not preferred. 

[0015] To formulate the anti-fouiing paint of this invention, the coating-film-forming resin is dissolved or dispersed in 
water, methanol, ethanol, propanol, isopropanol, butanol, ethyl acetate, butyl acetate, methyl ethyl ketone, acetone, 
35 xylene, toluene, ethyl cellosolve or the like, adding the hexacyano compound to the resultant solution or dispersion and 
further adding a dispersant, a hardening agent, a hardening promoter and/or the like as needed. 
[0016] The present invention will next be described specifically on the basis of the following Experiments, Examples 
and Comparative Examples. 

40 Ex periments 

Preparation of Underwater Anti-fouling Agents (Hexacyano Compounds) 
Example 1 

45 

[0017] Into a 3,000-rrtf beaker fitted with a stirrer and a thermometer, 500 nrU' of water, 50 g of sulfuric acid, 44 g of 
ammonium sulfate and 100 g of ferrous sulfate heptahydrate were added, and the contents were stirred into a solution. 
Water was added further to adjust the volume of the reaction mixture to 1 ,200 mt The reaction mixture was then heated 
to 90°C. On the side, S00 of water were placed in a t ,000-m/ beaker furnished additionally, in which 1 60 g of sodium 

50 ferrocyanate decahydrate were dissolved. The resulting solution was heated to 80" C. 

[0018] While stirring the solution of ferrous sulfate, the solution of sodium ferrocyanate was then poured into the solu- 
tion of ferrous sulfate in the course of 10 minutes. Subsequent to the completion of the pouring, che resulting mixture 
was heated to 95 to 98°C and was maintained at the same temperature for 1 hour. A solution of 6.4 g of sodium chlorate 
in 50 mt of water was then added to the mixture, followed by continuous stirring for 1 hour. After 400 m/ of chilled water 

r.5 were added to the reaction mixture, the resulting mixture was filtered. The thus-obtained filter cake was washed three 
times with 2,000 rnt of water. The filter cake was dried at 60°C for 16 hours and was rhen ground, whereby an under- 
water anti-fculing agent A was obtained. 
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Experiment 2 

(0019] Into a 3,000-nrtf beaker fitted with a stirrer and a thermometer, 500 mt of water, 60 g of sulfuric acid and 100 
g of ferrous sulfate heptahydrate were added, and the contents were stirred into a solution. Water was added further to 
5 adjust the volume of the reaction mixture to 1 ,200 mt The reaction mixture was then heated to 90°C. On the side, 600 
m/ of water were placed in a 1,000-m*f beaker furnished additionally, in which 1 15 g of potassium ferrocyanate trihy- 
drate were dissolved. The resulting solution was heated to 80°C. 

[0020] While stirring the solution of ferrous sulfate, the solution of potassium ferrocyanate was then poured into the 
solution of ferrous sulfate in the course of 10 minutes. Subsequent to the completion of the pouring, the resulting mix- 
w ture was heated to 95 to 98°C and was maintained at the same temperature for 1 hour. A solution of 6.4 g of sodium 
chlorate in 50 ml of water was then added to the mixture, followed by continuous stirring for 1 hour. After 400 ml of 
chilled water were added to the reaction mixture, the resulting mixture was filtered. The thus-obtained filter cake was 
washed three times with 2,000 ml of water. The filter cake was dried at 60°C for 16 hours and was then ground, 
whereby an underwater anti -fouling agent B was obtained. 

15 

Experiment 3 

[0021] Into a 3,000-nV beaker fitted with a stirrer and a thermometer, 500 of water, 60 g of sulfuric acid, 44 g of 
ammonium sulfate and 58 g of copper sulfate were added, and the contents were stirred into a solution. Water was 
20 added further to adjust the volume of the reaction mixture to 1 ,200 ml. The reaction mixture was then heated to 90°C. 
On the side, 600 m/ of water were placed in a 1,000-m/ beaker furnished additionally, in which 160 g of sodium ferro- 
cyanate decahydrate were dissolved. The resulting solution was heated to 80°C. 

[0022] While stirring the solution of ferrous sulfate, the solution of sodium ferrocyanate was then poured into the solu- 
tion of ferrous sulfate in the course of 10 minutes. Subsequent to the completion of the pouring, the resulting mixture 
25 was heated to 95 to 98°C and was maintained at the same temperature for 1 hour. After 400 mf. of chilled water were 
added to the reaction mixture, the resulting mixture was filtered. The thus-obtained filter cake was washed three times 
with 2,000 ml of water. The filter cake was dried at 60°C for 16 hours and was then ground, whereby an underwater 
anti -fouling agent C was obtained. 

so Experiment 4 

[0023] Into a 3,000-m/? beaker fitted with a stirrer and a thermometer, 500 ml of water, 60 g of sulfuric acid, 44 g of 
ammonium sulfate and 100 g of ferrous sulfate heptahydrate were added, and the contents were stirred into a solution. 
Water was added further to adjust the volume of the reaction mixture to 1 ,200 mt. The reaction mixture was then heated 
35 to 90°C. On the side, 600 of water were placed in a 1 ,000-m^ beaker furnished additionally, in which 160 g of sodium 
ferrocyanate decahydrate were dissolved. The resulting solution was heated to 30°C. 

[0024] While stirring the solution of ferrous sulfate, the solution of sodium ferrocyanate was then poured into the solu- 
tion of ferrous sulfate in the course of 10 minutes. Subsequent to the completion of the pouring, the resulting mixture 
was heated to 95 to 93°C and was maintained at the same temperature for 1 hour. After 400 ml of chilled water were 
40 added to the reaction mixture, the resulting mixture was filtered. The thus-obtained filter cake was washed three times 
with 2,000 m/ cf water. The filter cake was dried at 60°C for 16 hours and was then ground, whereby an underwater 
anti-fouiing agent D was obtained. 

Experiment 5 

45 

[0025] Into a 3.000-mf beaker fitted with a stirrer and a thermometer, 500 ml of water, 50 g of sulfuric acid, 44 g of 
ammonium sulfate and 100 g of ferrous sulfate heptahydrate were added, and the contents were stirred into a solution. 
Water was added further to adjust the volume of the reaction mixture to 1 .200 m*. The reaction mixture was then heated 
to 90°C. On the side, 600 ml of water were placed in a 1 ,000-m/ beaker furnished additionally, in which 160 g of sodium 

so ferrocyanate decahydrate were dissolved. The resulting solution was heated to 80°C. 

[0026] While stirring the solution of ferrous sulfate, the solution of sodium ferrocyanate was then poured into the solu- 
tion of ferrous sulfate in the course of 10 minutes. Subsequent to the completion of the pouring, the resulting mixture 
was heated to 95 to 98°C and was maintained at the same temperature for 1 hour. To the reaction mixture, a solution 
of 6.4 g of sodium chlorate in 50 ml of water was then added, followed by continuous stirring for 1 hour. After 400 

55 of chilled water were added to the reaction mixture, the resulting mixture was filtered. The thus-obtained filter cake was 
washed three times with 2,000 m' of water. Triethyienetetramine (6 g) was added to the filter cake, and the resulting 
mixture was agitated together with 50 ml of water for 10 minutes in a juicer. The thus-obtained mixture was dried at 
60°C for 16 hours and was then ground, whereby an underwater anti-fouling agent E was obtained. 
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Experiment 5 

[0027] Into a 3,000-m£ beaker fitted with a stirrer and a thermometer, 500 of water, 60 g of sulfuric acid, 44 g of 
ammonium sulfate and 100 g of ferrous sulfate heptahydrate were added, and the contents were stirred into a solution. 
5 Water was added further to adjust the volume of the reaction mixture to 1 ,200 tnt. The reaction mixture was then heated 
to 90°C. On the side, 600 rrtf of water were placed in a 1 ,000-rrtf beaker furnished additionally, in which 1 60 g of sodium 
ferrocyanate decahydrate were dissolved. The resulting solution was heated to 80°C. 

[0028] While stirring the solution of ferrous sulfate, the solution of sodium ferrocyanate was then poured into the solu- 
tion of ferrous sulfate in the course of 10 minutes. Subsequent to the completion of the pouring, the resulting mixture 
w was heated to 95 to 98 ft C and was maintained at the same temperature for 1 hour. After 400 m/ of chilled water were 
added to the reaction mixture, the resulting mixture was filtered. The thus-obtained filter cake was washed three times 
with 2,000 m* of water. Triethylenetetramine (6 g) was added to the filter cake, and the resulting mixture was agitated 
together with 50 mf of water for 10 minutes in a juicer. The thus-obtained mixture was dried at 60°C for 16 hours and 
was then ground, whereby an underwater anti-fouling agent F was obtained. 

15 

Experiment 7 

[0029] An underwater anti-fouling agent G was obtained by adding 100 g of copper suboxide to 100 g of the under- 
water anti-fouling agent C obtained in Experiment 3. 

20 

Organism Attachment Preventiveness Evaluation Tests 
Examples 1-7 

25 [0030] In each Example, 3.0 g of one of the underwater anti-fouling agents A-G, which had been obtained in the 
experiment of the corresponding number out of Experiment 1 to Experiment 7, were added to a mixture consisting of 
9.0 g of a phthalic acid resin varnish ("J-557 Varnish", trade name; product of Dainippon Ink & Chemicals, Incorpo- 
rated), 4.5 g of mineral terpene and 52.5 g of glass beads (3 mm in diameter). The resultant mixture was placed in a 
stopper-equipped, polyethylene-made 100-rrtf sample bottle and was then stirred for 60 minutes on a paint shaker. The 

30 same phthalic acid resin varnish (51.0 g) was then added, followed by stirring for 5 minutes on the paint shaker. 

[0031] To the thus-obtained coating formulation, 0.42 g of a drier (which consisted of 50 parts by weight of cobalt 
naphthenate, 27 parts by weight of lead naphthenate and 23 parts by weight of xylene) was added, followed by stirring. 
Coating formulations obtained as described above were brush-painted on sand-blasted iron plates of 300 mm x 200 
mm x 3.2 mm, respectively. 

35 [0032] After the iron plates were dried overnight at the surrounding temperature, the same coating formulations were 
brush-painted on the respective coating films. The thus-painted iron plates were then dried overnight at the surrounding 
temperature, whereby test pieces were prepared. 

Comparative Example 1 

40 

[0033] Test pieces were prepared in the same manner as in Examples 1 -7 except that the coating formulations were 
used without the underwater anti-fouling agents. 

Comparative Example 2 

45 

[0034] Test pieces were prepared in the same manner as in Examples 1-7 except that copper suboxide (3.0 g) was 
used instead of the respective underwater anti-fouling agents. 

Evaluation 

50 

[0035] The test pieces obtained in Examples and Comparative Examples were fixed on 600 mm x 1 100 mm frames 
made of 3/4 B stainless pipes at the rate of 4 test pieces per frame. The test pieces were immersed in seawater of about 
10 to 20°C, and upon elapsed time of 1 month, 3 month and 6 month, the extent of attachment of barnacles, slime, 
algae and the like was obseryed. The results are presented in Table I . 
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Table 1 





Underwater anti-fcul- 
ing agent 


1 month later 


3 months later 


6 months later 


Example 1 


A 


No organism attached. 


Slime attached slightly. 


Algae and barnacles 
attached ^liahtlv 


Example 2 


Q 
D 


ino organism auacntsci. 


^limcj aHarhari clir*ht!v 
OHt lie aLlclLil^U oll^jHuy. 


AInao anH Harnarip^ 

attached slightly. 


Example 3 


p 


INU UiydMlolII dlldOf ic\J. 


^Mme attarhpH cJinhtlv 

OKI IIC dlldlrllCU OlILjIILty. 


Alnap and barnaclps 
attached slightly. 


Pvamnlp d 


o 


No organism attached. 


No organism attached. 


Algae attached. 


Example 5 




No organism attached. 


No organism attached. 


Algae attached. 


Example 6 


F 


No organism attached. 


No organism attached. 


" Algae attached. 


Example 7 


G 


No organism attached. 


No organism attached. 


Algae attached. 


Comp.Ex. 1 


None 


Algae and barnacles 
attached slightly. 


Many algae and barna- 
cles attached densely. 


Barnacles attached 
considerably. 


Comp.Ex. 2 


Copper suboxide alone 


Slime attached slightly. 


Slime attached thickly. 


Algae and barnacles 
attached. 



Example 8 

[0036] In 100 g of a solution of 65 parts by weight d rosin, 25 parts by weight of linseed oil and 10 parts by weight of 
linseed fatty acids in 100 parts by weight of mineral spirit, 30 g of the underwater anti-fouling agent E, 25 g of red iron 
oxide, 2 g of manganese naphthenate and 2 g of lead naphthenate were mixed. The resultant mixture was then dis- 
persed for 20 minutes in a batch attritor, whereby ship bottom paint No. 2 was formulated. The ship bottom paint No. 2 
was brush-pained on a sandblasted iron plate which had been coated beforehand with a commercial ship bottom rust 
pre/entive paint. The iron plate was dried for 5 days at the surrounding temperature, whereby a test piece was pre- 
pared. 

Example 9 

[0037] Another test piece was prepared in a similar manner as in Example 3 except for the use of the underwater anti- 
fouling agent F in place of the underwater anti-fouling agent E. 

Comparative Example 3 

[0038] A further test piece was prepared in a similar manner as in Example 3 except for the use of 30 g of copper 
suboxide In place of the underwater anti-fouling agent E. 

Example 10 

[0039] Combined were 12 parts by weight of linseed oil. 12 parts by weight of tung oil, 32 parts by weight of an ester 
gum, 40 parts by weight of red iron oxide. 20 parts by weight of creosote oil, 40 parts by weight of the underwater anti- 
fouling agent F, 42 parts by weight of mineral spirit, and 2 parts by weight of the same drier as that used in Examples 
1-7. The resulting mixture was dispersed for 20 minutes in a batch attritor, whereby a wooden ship bottom paint was 
formulated. 

[OWO] A piece (200 mm x 200 mm .< 1 0 mm) of a pine tree board, which had been fully dried and furnished separately, 
was polished at the entire surface thereof and was :hen brush -painted with the wooden ship bottom paint. After the 
board piece was dried -or 24 hours, the board piece was additionally brush-painted twice and was then dried for 7 days 
at the surrounding "temperature, whereby 3 still further :est piece was prepared. 
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Example 11 

[0041] A stilt further test piece was prepared in the same manner as in Example 10 except that the underwater anti- 
fouling agent G was used in place of the underwater anti-fouling agent F. 

5 

Comparative Example 4 

[0042] A still further test piece was prepared in the same manner as in Example 10 except for the exclusion of the 
underwater anti-fouling agent F from the composition. 

to 

Ev aluatio n 

[0043] The test pieces, which had been obtained in Example 3, Example 9, Comparative Example 3, Example 10, 
Example 1 1 and Comparative Example 4, respectively, were fixed on a frame and were then immersed in seawater of 
is about 20 to 25°C, and upon elapsed time of 30 days, 90 days and 130 days, the extent of attachment of barnacles, 
slime, algae and the like was observed. The results are presented in Table 2. 



Table 2 



20 




Underwater anti-foul- 
ing agent 


1 month later 


3 months later 


6 months later 




Example 3 


E 


No organism attached. 


Slime attached slightly. 


Algae and barnacles 
attached slightly. 


25 


Example 9 


F 


No organism attached. 


No organism attached. 


Algae and barnacles 
attached slightly. 




Ccmp.Ex. 3 


Copper suboxide 


No organism attached. 


Slime attached. 


Algae and barnacles 
attached abundantly. 


30 


Example 10 


F 


No organism attached. 


Slime attached slightly. 


Algae and barnacles 
attached slightly. 




Example 1 1 


G 


No organism attached. 


No organism attached. 


Algae attached, 
slightly 


35 


Comp.Ex. 4 


None 


Algae and barnacles 
attached slightly. 


Algae and barnacles 
attached. 


Algae and barnacles 
attached abundantly. 



Claims 

40 

1. An underwater anti-fouling agent comprising a hexacyano compound as an effective component. 

2. An underwater anti-fouling agent according to claim 1, wherein said hexacyano compound is a hexacyanoferrate. 

45 3. An underwater anti-fouling agent according to claim 2, wherein said hexacyanoferrate comprises at least one hex- 
acyanoferrate selected from the sodium salt, potassium sait or ammonium salt or a mixed salt thereof of iron (I!) 
hexacyanoferrate (II), iron (II) hexacyanoferrate (111), iron (III) hexacyanoferrate (II) or iron (III) hexacyanoferrate (ill). 

4. An underwater anti-fouling agent according \o any one of claims 1-3, further comprising copper sub-oxide as 
so another effective component. 

5. An anti-fouling paint comprising a paint component and an underwater anti-fouling agent according to any one of 
claims 1 -4. 

55 S. An anti-fouling paint according to claim 5, 'wherein said paint component comprises as a basic component thereof 
at least one resin selected from an acryiic resin, a vinyl chloride-vinyl acetate copolymer, an ethylene- vinyl acetate 
copolymer, an epcxy resin, a vinyl chloride resin, a polyurethane resin, a silicone resin, a styrene resin or a polyes- 
ter resin. 
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Use of an underwater anti-fouling agent according to any one of claims 1-4 for the prevention of aquatic organisms 
from attaching themselves on an object maintained in contact with water. 

Use of an anti-fouling paint according to claim 5 or 6 for the prevention of aquatic organisms from attaching them- 
selves on an object maintained in contact with water. 
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